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Experimental details for the synthesis and characterisation of bulk samples of the complexes. Figure S15 . Variable temperature magnetic susceptibility data and room-temperature X-ray powder diffraction patterns from bulk samples of 1. Figure S16 . Comparison of the room-termperature X-ray powder pattern from 1 (method 2) with simulations based on crystal structures of different phases of 1 and a related literature compound.
Figure S17. Variable temperature magnetic susceptibility data and room-temperature X-ray powder diffraction patterns from bulk samples of 2. Figure S18 . Variable temperature magnetic susceptibility data and room-temperature X-ray powder diffraction patterns from bulk samples of 3. Figure S22 . View highlighting the short intermolecular contacts in the structure of 5·3MeOH·H 2 O. Table S8 . Noteworthy intermolecular distances in the crystal structure of 4. Table S9 . Noteworthy intermolecular distances in the crystal structure of 5·3MeOH·H 2 O.
References
Definitions of the structural distortion parameters discussed in the paper   and  are defined as follows:
where  i are the twelve cis-N-Fe-N angles about the iron atom and  i are the 24 unique N-Fe-N angles measured on the projection of two triangular faces of the octahedron along their common pseudo-threefold axis (Scheme S1).  is a general measure of the deviation of a metal ion from an ideal octahedral geometry, while  more specifically indicates its distortion towards a trigonal prismatic structure. A perfectly octahedral complex gives =  = 0.  and  were originally introduced to quantify small differences in the coordination geometries of high-spin iron(II) complexes of polydentate ligands. [1] More recently, they were popularised by Guionneau et al. as a way of confirming the spin state of a metal ion in a crystal structure; and to quantify the magnitude of the structural changes taking place during spin-crossover through  and , the differences in these parameters between the high-and low-spin states of the complex. [2] Because the high-spin state of a complex has a much more plastic structure than the low-spin, this is reflected in and  which are usually much larger in the high-spin state. The absolute values of these parameters depend on the metal/ligand combination in the compound under investigation, however. [3] In general, complexes without conformationally restricted polydentate ligands can achieve geometries closer to an ideal octahedron, and give relatively small values of and  as a result. Complexes of the [Fe(NCS) 2 (L) 2 ] type fall into this category. [2] Scheme S1. Angles used in the definitions of the coordination distortion parameters  and . Colour code: C, white; Fe, green; N, blue; S, purple.
The view at 120 K is the same as in Fig. 2 of the main article. [a] 167.8(9)/175.9(14) [a] 169. 2(3) 167.9(6)/174.9(9) [a] N(2)-C(3)-S(4) 178.7(11)/177.3(16) [a] 167.8(9)/175.9(14) [a] 178.1(3) 177. 2(8)/173.3(14) [a]
[a]
The unique NCS -ligand is disordered over two sites. Figure S4 . Views highlighting the unique short intermolecular contacts in the structures of 1 (top) and 2 (bottom) at 290 K. Both disorder sites of the NCS -ligands are shown, but the symmetry-related interactions to the other NCS -and dpq/dppz ligands in the C 2 -symmetric molecule are not included, for clarity. The highlighted intermolecular distances are listed in Table S2. Colour code: C, white or dark gray; H, pale gray; Fe, pale or dark green; N, pale or dark blue; S, pale or dark purple.
The view of 2 is the same as in Fig. 3 of the main article. Table S2 . Noteworthy intermolecular distances in 1 and 2, highlighted in Fig. S4 [b] e T = 290 K [c] 3.12/3.14 2. [a] X (1) is the centroid of phenylene ring [C(5), C(1), C(11), C(16), C(17), C (22)]. [b] X (2) is the centroid of the whole, unique dpq or dppz ligand. The value quoted is the distance between the least squares planes of the two dpq/dppz environments, which are strictly coplanar by symmetry. [c] The unique NCS -ligand is disordered over two sites at this temperature.
Except for e, all the contacts in the Table are more than 0.1 Å shorter than the sum of the van der Waals radii of the interacting groups in at least one of the structures. The relevant Pauling van der Waals radii are: H, 1.2 Å; S, 1.85 Å; arene ring, 1.7 Å [the radius of a thiocyanato C atom was also taken to be 1.7 Å].
The symmetry codes for the two compounds are slightly different, because the structures of 1 and 2 were merged to different origins by the diffractometer software. [5] The symmetry-related interactions to the other NCS -and phen ligands in the C 2 -symmetric molecule are not included, for clarity.
Colour code: C, white or dark gray; H, pale gray; Fe, pale or dark green; N, pale or dark blue; S, pale or dark purple.
Only contacts >0.1 Å shorter than the sum of the van der Waals radii of the interacting groups are highlighted. Clearly, the local environment about the NCS -ligand in this structure is less constrained than in the solvent-free phase of 1 and 2 (Fig. S3) . Figure S7 . View highlighting the unique short intermolecular contacts in the literature structure of SCOactive 2·py at 290 K. [4] The symmetry-related interactions to the other NCS-and dppz ligands in the C 2 -symmetric molecule are not included, for clarity.
Only contacts >0.1 Å shorter than the sum of the van der Waals radii of the interacting groups are highlighted. Clearly, the local environment about the NCS -ligand in this structure is less constrained than in the solvent-free phase of 1 and 2 (Fig. S4) . Colour code: C, white; Fe, green; N, blue; S, purple. (2) Fe (1) (2) Fe (1) (2) Fe (1) Figure S9 . Views highlighting the unique short intermolecular contacts in the structure of 1·2C 2 H 4 Cl 2 . Solvent molecules that do not take part in these interactions have been omitted for clarity. The highlighted intermolecular distances are listed in Table S4 .
Colour code: C, white or dark gray; H, pale gray; Cl, yellow; Fe, pale or dark green; N, pale or dark blue; S, pale or dark purple. Table S4 . Noteworthy intermolecular distances in 1·2C 2 H 4 Cl 2 , highlighted in Fig. S9 (Å).
S(4)…C(14 iii ) [a] f H(45A)...S(7) g X(3)...X (3 vii ) [a,b] h X(4)…X (4 viii ) [b,c] i 3.399 (3) 2.92 3.330(4) 3.332(2) [a] X (3) is the centroid of the whole dpq ligand C(8)-C(25). [b] The value quoted is the distance between the least squares planes of the two dpq environments, which are strictly coplanar by symmetry. [c] X (4) Colour code: C, white or dark gray; H, pale gray; Cl, yellow; Fe, green; N, pale or dark blue; S, purple.
Molecules of 1 associate through -stacking into 1D chains parellel to [011] , which are in turn linked into sheets by weak intermolecular C-H...S contacts (perpendicular to the view). The sheets of complex molecules are separated by well-defined layers of 1,2-dichloroethane solvent. Figure S11 . Views highlighting the unique short intermolecular contacts in the structure of 1·2py. The highlighted intermolecular distances are listed in Table S5 . Only one orientation of the disordered pyridine solvent molecule is shown, for clarity.
Colour code: C, white or dark gray; H, pale gray; Fe, pale or dark green; N, pale or dark blue; S, pale or dark purple. Table S5 . Noteworthy intermolecular distances in the high-spin and low-spin forms of 1·2py, highlighted in Fig [a,b] o X(5)…X(6) [a,c,d] p X(7)…X (7 x ) [b,e] q X(7)…X(8) [d,e,f] r T = 290 K 3.00 3.00/3.30 [g] [a] X (5) is the centroid of the whole dpq ligand C(8)-C(25). [b] The value quoted is the distance between the least squares planes of the two dpq environments, which are strictly coplanar by symmetry. [c] X (6) is the centroid of the pyridine ring N(44)-C(49). [d] The average interatomic distance and dihedral angle between the planes of these (non-coplanar) groups are given. [e] X (7) is the centroid of the whole dpq ligand C(26)-C(43). [f] X (8) is the centroid of the pyridine ring N(50)-C(55), which is disordered at all the temperatures studied. [g] This C-H group is part of the disordered pyridine solvent molecule. Colour code: C, white or dark gray; H, pale gray; Cl, yellow; Fe, green; N, pale or dark blue; S, purple; pyridine molecules, red.
Molecules of 1 in this crystal associate through -stacking into 1D chains, arranged in mutually perpendicular rows parallel to { 1 10}. There are no short intermolecular interactions between these chains, which are separated by the solvent molecules. Table S6 . Variable temperature unit cell data for 1·2py. These data are plotted in Fig. S13 .
13.321(9) 16.188 (8) 17.479 (11) 109.91 (6) 3544 (10) 140 13.360 (8) 16.199(8) 17.516 (11) 110.05 (6) 3561 (10) 160 13.400 (8) 16.212 (8) 17.554(9) 110.17 (5) 3579 (9) 180 13.437 (7) 16.257 (7) 17.625 (8) 110.23 (4) 3613 (8) 200 13.463 (7) 16.272 (7) 17.682 (7) 110.24 (4) 3634 (8) 220 13.473 (7) 16.289 (7) 17.735 (7) 110.30 (4) 3650 (8) 240 13.489 (7) 16.301 (7) 17.781 (7) 110.32 (4) 3667 (8) 260 13.518 (7) 16.288 (7) 17.779 (7) 110.45 (4) 3668 (8) 280 13.571 (6) 16.283 (6) 17.786 (7) 110.49 (4) 3682 (7) Figure S13. Variable temperature unit cell parameters for 1·2py. These data are listed in Table S6 .
The dashed lines highlight discontinuities in these data, which occur at temperatures corresponding to the approximate start and end points of the SCO transition (cf Fig. 4 , main article). The Fe-N bond lengths in this structure range from 1.961(9)-2.034(9) Å, showing that both half-molecules are fully low spin at 120 K.
This twinned structure has not been deposited with the CCDC. , 1; L = dppz, 2; L = dppn, 3 [7] In contrast to all the other samples in this work, this material is predominantly high-spin at room temperature (Fig. S14 ). 
Synthesis of bulk samples of [Fe(NCS) 2 L 2 ] (L = dpq

3•2.5H
Other measurements
Elemental microanalyses were performed by the University of Leeds School of Chemistry microanalytical service. Magnetic susceptibility measurements were performed with freshly isolated, unground polycrystalline samples, using a Quantum Design SQUID/VSM magnetometer in an applied field of 5000 G and a temperature ramp of 5 K min −1 . Diamagnetic corrections for the samples were estimated from Pascal's constants; [6] a previously measured diamagnetic correction for the sample holder was also applied to the data.
X-ray powder diffraction patterns were measured from ground polycrystalline samples, with a Bruker D2 Phaser diffractometer using Cu-K radiation ( = 1.5418 Å). Infrared spectra were recorded over the range 4000-400 cm −1 with a Bruker Alpha FT-ATR spectrophotometer. High resolution electrospray mass spectra (HR-ESIMS) were obtained on a Bruker MaXis Impact spectrometer, from MeCN feed solutions. Figure S15 . Variable temperature magnetic susceptibility data (top) and room-temperature X-ray powder diffraction patterns (bottom) from bulk samples of 1: powder samples prepared by method 1 (red) or method 2 (blue); and polycrystalline material obtained by method 3 (black).
A simulated X-ray powder pattern from the solvent-free phase of 1 is also shown (gray).
The black sample is mostly crystalline, low-spin solvent-free 1 with a small fraction of an SCO-active phase evident in the magnetic data.
The red sample is much less crystalline, and seems to be ca. 85 % low-spin, solvent-free 1 with the reminder being high-spin amorphous material.
The blue sample is ca. 80 % formed of a different, unknown SCO-active phase of 1. The remaining 20 % is low-spin, and may be solvent-free 1 (there are some peak matches with this phase in the powder pattern; Fig.  S15 ).
The magnetic data imply that solvent-free 1 exhibits the onset of a gradual spin-transition above ca 250 K, which becomes more pronounced as the crystallinity of the sample is reduced. That is not evident in the single crystal structures of this phase, however. [5] The sample contains an unknown phase in ca. 80 % purity, that undergoes abrupt and hysteretic SCO with T ½ = 154 K, T ½ = 6 K (Fig. S15 , blue curve). The powder pattern does not match any of the simulations, however, so this represents a new phase of 1 whose structure is unknown.
Many peaks in the solvent-free simulation (gray) do have counterparts in the measured powder pattern, so the low-spin solvent-free phase of 1 may form the majority of the remaining 20 % of the sample.
The SCO-active phase in this sample may be the same hydrated phase of 1 that was previously reported in Figure S21 . View highlighting the short intermolecular contacts in 4. Metric parameters for the highlighted ... interactions are listed in Table S8 . Figure S22 . View highlighting the short intermolecular contacts in 5·3MeOH·H 2 O. Metric parameters for the highlighted ... interactions are listed in Table S9 . [a,b] q X(13)...X(14 xiii ) [c,d] r X(13)...X(13 xiv ) [c] s X(15)…X(16 xv ) [e,f] t X(15)…X(15 xvi ) [e] u 3.62(2), 2.36 (4) 3.40(2), 4.31(6) 3.49(1), 0 3.53(2), 5.23 (7) 3.520(5), 0 [a] X (11) is the centroid of the whole dppz ligand C(2A)-C(23A). [b] X (12) is the centroid of the whole dppz ligand C(2B)-C(23B). [c] X (13) is the centroid of the whole dppz ligand C(24A)-C(45A). [d] X (14) is the centroid of the whole dppz ligand C(46A)-C(67A). [e] X (15) is the centroid of the whole dppz ligand C(46B)-C(67B). [e] X (16) is the centroid of the whole dppz ligand C(24B)-C(45B). Table S9 . Noteworthy intermolecular distances in the crystal structures of 5·3MeOH·H 2 O, highlighted in Fig. S22 (Å,°). The average interatomic distance and dihedral angle between the planes of the interacting ligands are given. Symmetry codes: (xvii) -x, 1-y, -z; (xviii) x, -1+y, z; (xix) -x, -y, 1-z. X(17)…X(18) [a,b] v X(19)...X(20 xvii ) [c,d] w X(19)...X(20 xviii ) [c,d] x X(21)…X(21 xix ) [e] y 3.63(3), 2.43 (5) 3.31(3), 3.99 (7) 3.59(3), 3.99 (7) 3.484(7), 0 [a] X (17) is the centroid of the whole dppn ligand C(2A)-C(27A). [b] X (18) is the centroid of the whole dppn ligand C(28B)-C(53B). [c] X(19) is the centroid of the whole dppn ligand C(28A)-C(53A). [d] X (20) is the centroid of the whole dppn ligand C(2B)-C(25B). [e] X(21) is the centroid of the whole dppn ligand C(54A)-C(79A).
